Increased erythrocyte sodium-lithium countertransport rate is found in non-diabetic subjects with essential hypertension, and in insulin-dependent diabetic subjects with nephropathy. However, relationships between these variables in non-insulin-dependent diabetic subjects are ill-defined. In order to characterise the relationships between blood pressure, urinary albumin excretion, and erythrocyte sodium-lithium countertransport, 66subjects with non-insulin-dependent diabetes were studied. Urinary albumin excretion rate correlated with mean 24-h ambulatory systolic blood pressure (r = 0.57; p < 0.001), but not with sodium-lithium countertransport (r = 0.06; p = 0.31). No significant relationship was observed between 24-h systolic blood pressure and erythrocyte sodium-lithium countertransport (r= 0.16; p = 0.17). The principal differences between microalbuminuric and normoalbuminuric subjects In conclusion, albumin excretion rates in non-insulin-dependent diabetic subjects are linked to hypertension and glycaemic exposure, but show no relationship to erythrocyte sodium-lithium countertransport. [Diabetologia (1995) 38: 356-362] 
The term microalbuminuria has been applied to a urinary albumin excretion rate (AER) of 20-200 ~g. min -1, undetectable using conventional strip testing methods, but predicting the development of subsequent dipstick-positive proteinuria [1, 2] . In non-insulin-dependent diabetes mellitus (NIDDM), microalbuminuria is a stronger predictor of premature mortality from cardiovascular disease [3] [4] [5] , than from nephropathy.
Increased erythrocyte sodium-lithium countertransport (SLC) is a characteristic of essential hypertension [6] , and is found in nephropathic insulin-de-pendent diabetic (IDDM) subjects [7, 8] . The finding of an increased prevalence of essential hypertension in relatives of IDDM subjects with nephropathy [9] , together with the familial aggregation of SLC characteristics [8, 10] , could suggest that elevated SLC is genetically determined, and carries an inherited predisposition to essential hypertension and diabetic nephropathy. This could explain the observation that only around one-third of subjects with IDDM eventually develop nephropathy [11] .
The relationships between SLC, blood pressure, and proteinuria in NIDDM are less clear. Nephropathy in NIDDM may be associated with an increased prevalence of hypertension and increased erythrocyte SLC and platelet sodium-hydrogen exchange [12] . However, Trevisan et al. [13] found no difference in SLC between uncomplicated NIDDM and control subjects. Gall et al. [14] found no difference between NIDDM subjects with and without proteinuria, and no difference between diabetic and nondiabetic control subjects. Johnson et al. [15] found that black hypertensive NIDDM subjects had higher SLC than normotensive NIDDM control subjects. It is uncertain whether such divergent results stem from different methodologies, or from factors such as the composition and size of the groups studied. A further difficulty in studying relationships between hypertension and other variables is the physiological variation of blood pressure, creating difficulties in establishing a reliable classification of subjects. Therefore, we performed a study to investigate the relationships between AER, ambulatory blood pressure, and erythrocyte SLC in non-proteinuric subjects with NIDDM, in order to test the hypothesis that any association between AER and hypertension might be explicable in terms of levels of erythrocyte SLC.
Subjects and methods
Subjects. The study was approved by the District Ethical Committee. We recruited 66 subjects with NIDDM from the diabetic clinic who subsequently gave their written informed consent. The inclusion criteria were a known diabetes duration of at least 12 months, age at onset of diabetes 35 years or over, no use of insulin in the first year after diagnosis, no history of ketoacidosis, and current treatment with either diet, oral hypoglycaemic agents, or insulin. Urinary tract infections were excluded by urine microscopy and culture. Patients with dipstick positive proteinuria, haematuria, or serum creatinine greater than 200 ~mol. 1 -I, were excluded, as were those with other renal diseases, clinical evidence of cardiopulmonary or hepatic disease, secondary hypertension, a history of alcohol abuse, and subjects receiving any drugs affecting blood pressure or renal function. Subjects with treated essential hypertension were included after a treatment wash-out period of 4 weeks. Hypertension was defined as a mean of three casual diastolic blood pressure measurements greater than 95 mmHg while off treatment, using a mercury sphygmomanometer. By this definition, 30 subjects were hypertensive and 36 were normotensive.
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Subjects attended the clinic between 08.00 and 09.00 hours after fasting overnight, and not having taken diabetic medication on the morning of the investigations. Casual blood pressure was recorded with a mercury sphygmomanometer, after sitting for 5 min. Subjects were weighed in light clothing, and height was recorded without shoes. Body mass index (BMI) was calculated as weight, height-< Waist circumference was taken at the level of the umbilicus and hip circumference at the level of the greater trochanters using a steel tape, and measurements were made in triplicate. The waist:hip ratio was calculated. After 15 rain resting, blood was drawn for assay of erythrocyte SLC. Ambulatory blood pressure monitors were fitted, and subjects provided with containers and instructions for a concurrent timed overnight collection of urine (22.00-08.00 hours).
Ambulatory blood pressure monitoring. Ambulatory blood pressure was measured with a Takeda TM 2420 auscultatory monitor (A & D Instruments, Tokyo, Japan.), fitted to the non-dominant arm. Ambulatory blood pressure profiles were recorded for a period of 24 h. Measurements were taken every 15 rain during the day (07.00 to 23.00 hours) and every 30 min overnight. Subjects previously receiving antihypertensive agents remained off treatment until the blood pressure recording and urine collection were complete. Subjects recorded the times of waking and sleeping and other activities in a diary. Blood pressure records less than 80 % complete were repeated. Data were analysed on a desktop computer. In the analysis, all data points were included, but any missing observation times were deleted before calculation of mean daytime and nighttime values, according to patients' diaries.
Assay methods. Erythrocyte SLC was assayed according to the method of Canessa et al. [6] , with the modification adopted both by Mangili et al. [7] and by Foyle and Drury [16] . The within-assay and between-assay coefficients of variation for this assay were 9.5 % and 13 %, respectively. Urinary albumin was assayed by an in-house modification of an ELISA technique [17] . Glycated haemoglobin (HbA 0 was measured by electroendosmosis (Ciba-Corning, Halstead, Essex, UK). Insulin was assayed by specific two-site immunoenzymometric assay [18] , based on the two-site monoclonal assay described by Sobey et al. [19] . Plasma glucose was measured by the glucose oxidase method (Beckman, Brea, Calif., USA). Serum lipids were determined by enzymatic colorimetric methods (total cholesterol, Boehringer Mannheim, Lewes, Sussex, UK; total triglycerides, Roche Diagnostics, Welwyn Garden City, Herts, UK). HDL cholesterol was measured by the same method after the precipitation of LDL with phosphotungstic acid in the presence of magnesium ions.
Statistical analysis
Relationships between AER, blood pressure, and SLC were examined in all 66 subjects. Subjects were then divided into normoalbuminuric and microalbuminuric groups, with a cutoff at 15 pg. min -1 (normoalbuminuric subjects < 15 pg. rain -1, n = 46; microalbuminuric subjects > 15 ~g. min -1, n = 20). With these numbers of subjects, the study had over 80 % power to demonstrate both a 10 % difference in 24-h ambulatory systolic blood pressure, and a 25 % difference in SLC, between the normoalbuminuric and microalbuminuric groups, at the 5 % level. Statistical analysis was performed with Statistical Package for the Social Sciences (SPSS-PC). All data distributions were inspected. Skewed data were logarithmically transformed, and reinspected to confirm normality. In instances where lesser degrees of positive skewness could be reduced by logarithmic transformation, this was done. All sub- Table 2 . Relationships of indices of 24-h ambulatory blood pressure and heart rate, and clinic blood pressure measurements, to AER, and erythrocyte sodium-lithium countertransport in 66 subjects with NIDDM Between-variable relationships were analysed with linear regression analysis. Differences between normoalbuminuric and microalbuminuric subjects were examined with Student's ttest and two-tailed p values are given. The relationships between microalbuminuria and the categorical variables of gender and race, were examined with chi-square or Fisher's Exact Tests. With AER as the dependent variable, the interrelationship between blood pressure indices and other predictor variables was examined by multiple linear regression analyses.
Results
Characteristics of the subjects are shown in Table 1 . All subjects were included in the analysis on the basis of negative tests for proteinuria with conventional dipsticks and AER less than 200 ~g -rain -1. Microalbuminuria was then defined as AER greater than 15 ~g -min -1.
The relationships between AER, SLC, and indices of blood pressure are shown in Table 2 . For the whole group, mean ambulatory daytime and 24-h systolic blood pressure correlated best with AER (r = 0.58 and 0.57; p < 0.001). The relationship between mean 24-h ambulatory systolic blood pressure and AER is Urinary albumin excretion (~g rain -1) Fig. 1 . Relationship between 24-h mean ambulatory systolic blood pressure and urinary albumin excretion rate in 66 subjects with NIDDM. r = 0.57; p < 0.001 shown in Figure 1 . Correlations between clinic blood pressure and AER were similar to those obtained by ambulatory monitoring, showing the accuracy of careful casual readings, although the absolute values of clinic readings were higher. All blood pressure indices examined correlated closely with AER, whereas the relationship with SLC was far weaker. The mean heart rate, particularly at night, correlated with AER,~but not with SLC. In contrast to the relationships between AER and blood pressure, there was no relationship between AER and SLC (r = 0.06; r = 0.31).
Subjects were divided into two groups of 46 normoalbuminuric (AER > 15 ~g. min -1) and 20 microalbuminuric subjects (AER > 15 9g. min-1). Table 3 summarises blood pressure, SLC, and other descriptive and biochemical data according to albuminuria status. Eighteen of the 20subjects with microalbuminuria were male, as opposed to 33 out of 46 of the normoalbuminuric subjects (p = NS). The microalbuminuric group was composed of 10 Caucasians (Europids), 5 Afro-Caribbeans, and 5 Indian Asians, and the normoalbuminuric group was composed of 33 Caucasians, 7 Afro-Caribbeans, and 6 Indian Asians (p = NS). There were no significant differences between the groups in terms of age, obesity, SLC, concentrations of total serum cholesterol, HDL-cholesterol, triglycerides, fasting serum insulin or glucose. However, microalbuminuric subjects had higher mean HbA 1 compared with the normoalbuminuric group, and a longer known duration of diabetes.
Because SLC was significantly higher in Caucasians compared with Afro-Caribbeans (0.42 [0.17] vs 0.33 [0.14];p = 0.02), we analysed the data in the largest single ethnic group, namely 43 Caucasians. In this group AER was still closely related to 24-h systolic blood pressure (r = 0.48, p < 0.001) but not to SLC (r = 0.02, p = NS). Mean (SD) 24-h and daytime systolic and diastolic blood pressures were higher in the microalbuminuric group (Table 4) and there were smaller differences in mean nocturnal blood pressures. Clinic blood pressures exceeded daytime ambulatory pressures, but also differentiated the normo-and microalbuminuric groups. The nocturnal dips in both systolic and diastolic blood pressure were not significantly different between the normo-and microalbuminuric groups. However, the nocturnal pulse rate was higher in microalbuminuric than in normoalbuminuric subjects.
In order to test whether the cut-off point used to define microalbuminuria influenced the outcome of the present study, the data analyses were repeated, defining microalbuminuria as AER greater than 10 ~g. min -1, and AER greater than 20 ~g-min -1. Comparisons between the micro-and normoalbuminuric groups, based on these definitions (summarised in Table 5 ), showed the same pattern of relationships between AER, blood pressure, and SLC, as was found when microalbuminuria was defined as AER greater than 15 ~g 9 min -1. Similarly, taking an upper AER limit of 150 rather than 200 ~g -min -1 to define microalbuminuria only two subjects were excluded from the analysis, without any significant effect on any of the relationships observed. 
24-h ASBP, 24-h ambulatory systolic blood pressure
A multiple linear regression analysis was performed for the whole group, in order to explore the relationships between blood pressure, duration of diabetes, glycaemic control, SLC, and AER. In this model (R 2 = 0.48, F= 5.04, p = 0.0002), with AER as the dependent variable, and controlling for race, age and BMI, AER was predicted by male sex, increasing duration of diabetes, and higher 24-h mean ambulatory systolic blood pressure. HbA 1 levels were of borderline significance. In contrast, SLC was not significantly related to AER (Table 6 ).
Discussion
We have demonstrated a close association between blood pressure and AER in subjects with NIDDM. In contrast, blood pressure was generally unrelated to SLC, and there was no relationship between SLC and AER. Microalbuminuria was also associated with a longer duration of diabetes, higher current levels of HbA 1, and male gender.
There have been few previous studies of SLC in subjects with NIDDM. Trevisan et al. [13] found no difference in SLC between groups of 22 hypertensive and 22 normotensive NIDDM subjects. It is possible, however, that the hypertension classification used in this study, which was treatment with antihypertensive drugs, or systolic or diastolic blood pressures over 140 and 90mmHg, was too imprecise. The study of Gall et al. [14] suggested that subjects with NIDDM had higher SLC rates than non-diabetic control subjects, but that nephropathic subjects had no further elevation compared with normoalbuminuric NIDDM subjects. Importantly, the nephropathic and normoalbuminuric groups differed significantly in blood pressure. Although these studies failed to detect any increase in SLC in hypertensive NIDDM subjects, other studies [15] have suggested a relationship between blood pressure and SLC. Thus, increased SLC may be associated with hypertension in NIDDM, as in non-diabetic subjects, although the relationship appears not to be strong. In our study, the lack of relationship between SLC and AER in the microalbuminuric range suggests that increased SLC is not likely to be an initiating factor in the development of nephropathy. In view of the smaller numbers of subjects at higher levels of microalbuminuria, and the absence of a comparison group of patients with dipstick-positive proteinuria, our data do not exclude the possibility that increased SLC is a factor involved in the progression from microalbuminuria to clinical proteinuria, and on to frank nephropathy. However, this would be inconsistent with the data of Gall et al. [14] . If increased cation transport were an initiating factor for microalbuminuria in NIDDM, then our results would imply that erythrocyte SLC is an inadequate marker for the underlying defect.
Like us, Mattock et al. [20] found a relationship between microalbuminuria, on timed overnight urine samples, and blood pressure (mean of two clinic measurements) in Caucasian NIDDM subjects. In our study there were also relationships between AER and male gender (as shown by Mattock et al. [20] ) and an increased duration of diabetes (not significant in the study of Mattock et al.). When we restricted our analysis to Caucasian subjects, similar relationships were seen between AER and blood pressure (but not SLC) as in the whole group. The observation that Afro-Caribbean subjects had lower SLC than Caucasian subjects, confirms a finding previous, ly noted by other groups [21, 22] .
The present study revealed a blunted nocturnal decline in heart rate in microalbuminuric subjects, but no blunting in the blood pressure decline at night. Several studies have examined circadian blood pressure and heart rate profiles in diabetic subjects. Studies in a heterogeneous group of diabetic subjects suggested that reduced circadian blood pressure and heart rate variations may result from autonomic neuropathy [23] , and studies in subjects with NIDDM [24] also suggest that nephropathy is associated with reduced circadian blood pressure variation.
The present study found relationships between the duration of diabetes, HbA1, and AER, suggesting cumulative glycaemic exposure is also a possible determinant of increased AER in subjects with NIDDM, as is well established in IDDM [25] [26] [27] [28] .
From the methodological viewpoint, ambulatory blood pressure recording overcomes many problems of blood pressure classification from casual readings, including observer errors, and white-coat effects. One previous study suggested that ambulatory monitoring is superior to casual measurements in studying the relationship between blood pressure and AER in subjects with NIDDM [29] , although in that study no association between microalbuminuria and hypertension was noted. In the present study, similar correlations were found between AER and the mean of three carefully recorded clinic measurements with a standard mercury sphygmomanometer, as were found with daytime ambulatory values (Table 2) , and clinic blood pressure differentiated the normoalbuminuric and microalbuminuric groups as well as ambulatory recording (Table 4) . This relationship was stronger than that found in previous studies in NIDDM subjects [3] , in which clinic blood pressure correlated less strongly with AER (r = 0.12). Also, ambulatory blood pressure levels were consistently lower than casual levels, as has been observed previously [3] .
The present study used timed overnight collections of urine to estimate AER. This approach, used by other investigators [20] , gives results which correlate well with those from 24-h urine collections. The finding that increased AER is associated with increased blood pressure, is a conclusion reached in previous studies on non-diabetic subjects [30] , in subjects with IDDM [25] [26] [27] , and in subjects with NIDDM [20] . In the present study the relationships between blood pressure AER and SLC were present which ever value of AER was used to define microalbuminuria. Finally, although we initially selected subjects for study without dipstick-positive proteinuria, and not on the basis of AER less than 200 vg-min -1, we suggest that the possible inclusion or exclusion of a few subjects with AER in the high microalbuminuric range would probably not have significantly affected the outcome.
The explanation for the apparent association between increased SLC and both essential hypertension and nephropathy in IDDM subjects, but not in 361 NIDDM is uncertain. It is possible either that our study had inadequate power, or that different mechanisms determine microalbuminuria in NIDDM and IDDM. Alternatively, erythrocyte SLC may be too insensitive a marker for underlying kinetic defects of sodium-hydrogen exchange [31] .
In conclusion, this study suggests that microalbuminuric NIDDM subjects have higher blood pressure, longer duration of diabetes, worse glycaemic control and are more likely to be male, than normoalbuminuric subjects, without exhibiting any significant difference in SLC. These results suggests that an increased rate of SLC is not a marker for microalbuminuria in NIDDM. In contrast, however, hypertension and poor long-term glycaemic control could be important factors in the pathogenesis of microalbuminuria in these subjects.
